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CONSTRUCTION CONTROL 



introductory remarks: JOHN MAUOHLY 

A ptesenteHon of the CriMcal-Peth Method for eonttoning school con- 
stniction should cov^r the following questions: 

1. What circumstances led to the development of CPM? 

2. What are the advantages of network techniques? 

3, How does CPM function? 

4, When may CPM be used to maximum advantage? . 

Let me explore die first questtoo, “Whet circumstances led to the 
development of CPM?” 

The effective management of modem complex projMts with partii^ar 
emphasis on minimum time and minimum cost creates the following needs: 

1. The need for greater coordination among the participating con- 
tractors, architects and owners. 

2. The need to identify trouble spots and provide a meth^ for evaluat- 
ing alternative strategies and objectives before and dunng the life 

of the project. 

3 The need to manage by exception which permits top management 
to spend time on identified problem areas, thus leaving normal 
operations to appropriate levels of management. 

4. The need for a procedure which will permit the effective transfer 
of responsibilities at any level of management. 

5. The need for a comprehensive project record in readily useful form. 

6. The need for optimum start and finish times that have a high degree 
of reliability. 

The remaining questions dealing with advantages of ne^otk planning 
and CPM procedures will be answered by Dr. Dombrow dmng his pre- 
sentation, which was prepared by Dr. Daum and Dr. Dombrow. 
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Specifically, the advantages of network diagramming over bar chart ^ 

management are depicted on the chart below. The specifics of each of these 
points will be clarified during the presentation of CPM functioning. ^ 



DOES YOUR PRESENT MANAGEMENT 
DEVICE 


B«r Chart 


CPM 


Ye* 


No 


Yet 


So 


Clearly present an overall plan which indicates interrelation* 
ships of all participants with a realistic completion date? 




X 


X 




Indicate specific res^nsibilities of all parties; the architect, 
contractors, school oBcials, suppliers? 




X 


X 




Indicate the best course of action to be taken in the event of 
a real emergency? (strike, weather) 




X 


X 




Note exact time requirements for specific jobs, decisions and 
deliveries? 




X 


X 




Establish job deadlines during the life of the project? 




X 


X 




Clearly indicate amount of work completed for payment? 




X 


X 




Indicate effect of change orders on co.mpletion date? 




X 


X 




Permit critical analysis of "extras” as they affect cost? 




X 


X 




Specify the exact date that supplies and materials must be on 
the job, permitting ordering to be done well in advance? 




X 


X 





The first reaction to the above information would naturally cause one 
to ask if a new procedure can really be so superior to a system that had 
been used for many years. If you will carefully study the following material 
1 believe that you will also come to realize the complete superiority of 
network techniques over bar chart presentations. 



B. How Does CPM Function? 

1. Each activity or function in the project is represented by an arrow. 

Site Grading 

2. An arrow may be shown in any direction. Its length is. immaterial. 




3. The network is developed logically by asking three questions about 
each activity. 

a. Question 1: What immediately precedes the 2^ activity? 
Answer: (activity 1-2) 



I 



-► 2 






33 






5. Float Time 

In the following network diagram, activity 2-4 has a time dura- 
tion of 6 days. If 6 days are added to the earliest start time activity 
2-4, which is 5 days (indicated by H]), activity 2-4 could be 
completed by the 11th day ( O -H 6 days* duration). However 
an examination of the network indicates that activity 2-4 may 
extend to the 29th day (0) without delaying the project com- 
pletion. Practically, therefore, 18 additional days of time are 
availa^. These additional days are designated as float time. 

C @) — ( (U + 6 working days) = 18 days of float time] 




Again examining the network, we see that activity 2-3 requires 
12 working days. Adding the 12 working days to the early start 
of activity 2-3, which is [5] , the number of working days used to 
complete activity 2-3 is El . The latest date for completing activ- 
ity 2-3, without delaying the project is Q3 • There is no float time 
available. 

[ *~ ( (H +12 working days) = 0 days of float] 

This is a critical activity. The sequence of critical activities taking 
the longest time to complete is the Critical Path. These activities 
normally comprise 10 to 20 percent of all the activities in a project. 
It is interesting to note that all of the critical activities cannot 
be identified without a network technique. 

It is important that this method of planning permits the con- 
struction of several network models of the project. Then, one may 
choose the model most acceptable — ^before binding commitments 
have been made. 



Completion Date 

The length of the Critical Path also determines rather accurately 
the normal completion date of the project. Any compression of the 
original project life must be accomplished by action on the critical 
activities. Likewise delays caused by weather, strikes or other cir- 
cumstances during the project can best be offset by additional work 
on the identified critical activities. The identification of the critical 
activities permits a minimum of time, money and manpower to be 
expended in order to achieve positive results. This is particularly 
true toward die end of a project when diere has been a tendency 
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to crash all activities in an attempt to bring a project in on schedule. 
It is interesting to note diat school projects are being completed 
in far less time than was previously diought possible. 

Computer Printom 

The simplicity of the network diagram used in the previous ex- 
planations permits the ready determination of madiematical ap- 
plications. However, when a full-scale project involving thousands 
of separate activities is studied, a computer can more easily pro- 
vide the required date in a readily usable form. 
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I 


J 


Dur 


Job Description 


Early 

Start 


Early 

Finish 


Late 

Start 


Late 

Finish 


Float 

Total 


1 


2 


10 


State App. of Plans 


4-01-63 


4-15-63 


4-01-63 


4-15-63 


0 


2 


3 


15 


Bid & Award Period 


4-15-63 


5-06-63 


4-15-63 


5-06-63 


0 


3 


4 


8 


Contr. Set Up Excav. 


5-06-63 


5-16-63 


5-07-63 


5-17-63 


1 


3 


6 


15 


Ord. & Del. Fir. Joists 


5-06-63 


5-27-63 


5-06-63 


5-27-63 


0 


3 


99 


25 


Ord. & Del. Joists & Fr. 


5-06-63 


6-11-63 


5-10-63 


6-17-63 


4 


4 


5 


5 


Inst. Util. & Vapor Bar 


5-16-63 


5-23-63 


5-20-63 


5-27-63 


2 


4 


6 


6 


Pour Ftgs. & Walls 


5-16-63 


5-24-63 


5-17-63 


5-27-63 


1 


5 


6 


0 


Dummy 


5-23-63 


5-23-63 


5-27-63 


5-27-63 


2 



It is important to note that the network and printout are modified 
according to the project needs determined by die consulting engi- 
neering organization providing the CPM program. This "updating’* 
is usually done on a monthly or biweekly basis, depending on die 
complexity of the project. Such information is conveyed to die owner 
or his representative and dien to die project participants at die 
project conferences. 

C. When May CPM Be Used? 

1. Best advantage is gained if its use is started at the project’s con- 
ceptual stage. Thus, administrative actions involving state approvals, 
site approvals and odier preliminary activities are included in die 
plans. 

2. CPM provides a distinct advantage if a preliminary plan (network) 
and schedule (time allocations) are included in original bid docu- 
ments. Most reputable consulting firms will include a one-day 
seminar for bidders to review CPM procedures. 

3. Following the awarding of bids, a detailed working plan and 
schedule is developed for the direction of die project. 

4. CPM has been used when it was obvious that a project was in 
trouble. While die results have been beneficial, in aU cases the 
preferred procedure as noted previously is recommended. 
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5. CPM may be used for only one stage of the project but this is not 
recommended for maximum advantage. 

6. It should be noted that updating procedures constitute a basic 
function of the CPM program. By properly using the updating 
procedures, the Abington School District was able to make up ap- 
proximately 37 days of delay caused by strikes and bad weaAer. 



Summary of Advantages 



Even with such a brief review of CPM, it is hoped that the sp^ifics of 
the advantages noted below may be understood. 



financial 

a. Working with a network enables all partici- 
pants to schedule their work more effectively, 
which in turn increases production and can 
result in sizeable savings. 

b. A maximum return on bond money which is 
invested according to a planned program on 
payments for work completed. 

c. Proper use of float in assigning manpower 
eliminates “over-manning” and radical 
changes in the labor force. 

d. Knowing a realistic completion date permits 
the contractors to bid on subsequent work 
without affecting the present project. 

e. Extras can be documented and their effect 
on the project cost and life can be clearly 
determined. 

f. Knowii^ when materials will be needed per- 
mits efcctive ordering, minimum storage and 
minimum cash tie-up. 

g. The responsibility for project delays are clearly 
identified, thus giving meaning to liquidated 
damage clauses. 

h. Only critical jobs are crashed when time 
must be made up. 

i. If CPM is applied in the very early planning 
for a project, construction may be scheduled 
at a time of maximum advantage to the owner. 
It has been estimated by reliable sources to 
approximate as much as 5% of the cost of 
some projects. 

j. Considering the above, there is Ae distil^ 
possibility of lower construction bids for the 
owner. 



Owner Architect Contractor 



XXX 

X 

X 

, X X 

X X X 

X X 

XXX 

XXX 



X 
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Management 

a. A realistic completion date is determined 
prior to the beginning of the protect. 

b. Budgets, personnel and other pertinent pro* 
grams may be properly planned well in ad* 
vance of a project completion. 

c. If the program is desired in minimum time, 
all of participants are aware of the problems 
which are clearly indicated on the model net* 
work. 

d. The effect of delays due to weather and strikes 
can be minimized. 

e. The network coordinates the functions of all 
project participants throughout the life of the 
project. 

f. A network may include all of the time de* 
mands made on administrators and boards of 
directors in obtaining approvals, financing, de* 
sign, shop drawing, etc. A time compression 
of this management function may save money 
at construction time. 

g. The maximum utilization of expensive equip* 
ment or services may be determined from the 
network. 

h. The network establishes individual and inter* 
dependent responsibilities of the owner, archi* 
tect, and contractors, which are written into 
the specifications. 

i. The system permits non*technical personnel 
to exercise effective management functions ^ 
which only the owner (Sraool Board, Author* 
ity, etc.) is responsible. 



OwNxn AuchitbctContiiactok 

XXX 

X X X 

XXX 

X . X <x.-...< .. 

X X • X 
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X X 

X X X , 
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